Phylogenetic analysis has been widely accepted as the process by which the genetic continuity between populations of different species can be detected and therefore their genetic history traced. Such analyses have actually been based on a variety of well-recognized and defined characters. In the genus Drosophila, for example, external morphological characters, -4 internal morphological characters,5-7 and biochemical8 and cytological9-" characters have been used extensively. Interspecific ovarian transplantations were first introduced into such studies by Monod and Poulson'2 and by Vogt.'3' 14 Although these experiments, and especially those by Vogt,"4 demonstrated the potentiality of the technique for studies of evolutionary relationships, no other attempts have apparently been made.
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New techniques introduced since these early days of Drosophila work and accumulation of considerable information regarding gonadal development in insects encouraged the writer to carry out a large-scale study of interspecific ovarian transplantations. The main objective was to establish procedures that could be used to analyze phylogenetic relationships between species or species groups of the genus Drosophila, based on the degree of growth of transplanted ovaries. The secondary aim, no less important, was to determine the possibility of using interspecific ovarian transplantations for obtaining hybrids between distantly related species of the genus Drosophila, not possible with normal laboratory matings. This would make possible new comparative cytological studies.
Materials and Methods.-Laboratory stock cultures from collections of The University of Texas were used. Twenty species of the genus Drosophila, representing most of the species groups of the subgenus Drosophila, were analyzed in these studies. Two species, D. virilis, a relatively primitive one,7s 9 and D. mulleri, an advanced species, were used as hosts.
Late third instar larvae of the same physiological age were used for the operations. Donor larvae were dissected in Waddington's Ringer solution (37.5 gm NaCl, 1.0 gm CaCl2, 0.5 gm HCl, 1.0 gm NaHCO3, and 9 liters of H20); one ovary was transplanted into each host larva. A modification of the method by Ephrussi and Beadle'5 was employed. Operated adult flies were dissected 20 days after eclosion and their three ovaries were prepared as Feulgen-stained whole-mounts according to the method of Whiting. '6 The developmental condition of each ovary was recorded separately using the terminology of King,17 scoring from zero development to stage 14, maximum development.
Detailed information about the species involved in these studies and methods applicable to each are to be published elsewhere. '8 Results and Discussion.-Representative cases-of the developmental condition of ovaries implanted into D. virilis hosts are shown in Table 1 . It can be seen in columns 4-6 that development of individual ovarioles is autonomous; there is no indication for synchronization in oogenesis. Furthermore, it indicates that the utilization of ovarian transplantation as a tool for determining genetical relationship and for attempting phylogenetic analyses has to be used very cautiously due to the multiple factors involved in the experiment.
Two major categories of factors influencing o6genesis can be recognized: (1) intraovarian factors originating in the ovary itself, such as those involved in the synthesis of yolk,21 and perhaps ovarian hormone(s) affecting oogenesis;'3 22 and (2) extraovarian factors derived from the internal environment of the host, such as food materials carried in the hemolymph for yolk formation2' and hormones from the brain and/or corpus allatum.28' 24 In order to control these factors, the experiment was designed so that extraovarian host factors were kept constant, while the ovarian factors were varied intentionally. Then, in a second phase of the experiment, the effects of reversing this order of constant and varying factors were compared. Thus it was necessary to have the same host with a variety of donors in the first case and then the reciprocal, a variety of hosts with the same donor, for the second. A sufficiently large sample of strains from each species should be used for hosts and donors to eliminate the possibility that any genetical factors peculiar to given species or strains might interfere with the interpretation of results.
The ability of implanted imaginal discs of the female gonad from one species to proceed through metamorphosis in a foreign host was considered as a prime phylogenetic characteristic. The degree of development of the implant was used as the quantitative measure of that character.
The sensitivity and accuracy of this approach to phylogenetic analysis were verified by introducing the conditions that should be satisfied. That is, if qualitative or quantitative differences exist between ovaries of host ar.d donor in their response to hormonal stimulation and/or in protein uptake and utilization, then these should be reflected in the degree of ovarian development: the closer the species, the greater the degree of development of the implant. Furthermore, the computed phylogenetic relationship between a given host and its donors should be comparable to the relationship of any other host with the same donors, provided a uniform method of calculating variance was applied.
In an effort to obtain uniform and comparable results, the degree of development of donor gonads in the host environment, our principal variance, was presented numerically as an index which we call "index of o6genesis." This These results accompanied by the "I" values are diagrammatically presented in Figure 1 for D. virilis as host and in Figure 2 for D. mulleri as host. A comparison of "Io" and "Au -h3" reveals that implanted ovaries from five species failed to exceed pupal stages of development in hosts of virilis, while two failed in mulleri. Nevertheless, the relationship between donors and hosts based on estimates of "I," and on "i -13" values shows no significant differences. This indicates that the factors controlling gonadal development in pupal and adult stages, regardless of their nature, do not affect the analysis.
Differences in donor-host relationships, however, were observed in the cases of hydei, immigrans, and castanea in Figure 1 and hydei in Figure 2 . These represent instances in which the implanted gonads exceeded pupal development, indicating that factors other than those previously considered are causing the disturbances. In investigation of the significance of these differences, two additional pieces of information were taken into consideration. First, the time in days required for the donor ovary to reach the value of Ii -3 under normal conditions, and, second, the normal growth period of the donor ovary. The quotient of these two values will indicate the duration of growth of the donor ovary in the host environment. A value equal to one unit means that the donor ovary has reached stages of maturation. A value smaller than one unit but larger than zero indicates that only a fraction of the potentiality for growth has been obtained; and, finally, a value of zero indicates inability of the donor ovary to exceed development corresponding to pupal development of normal o6genesis. It was expected that the value for the duration of growth of the donor ovaries would be in agreement with the value for "10." The results presented at the right of the horizontal axis of the figures justify the expectation, indicating that the observed disturbances are misleading and that they are the direct result of a prolonged growth period of the donor ovaries. The agreement in comparing phylogenetic relationships between the host, D. virilis, and its donors, and between the host, D. mulleri, and the same donors supports the validity of using developmental phylogenetic characters. It also indicates that the "index of oogenesis" is the appropriate measurable-quality. Additional support was obtained by a comparison of these results with the findings from studies based on morphological, cytological, and biochemical characters, 18 in which an almost perfect agreement was found.
It should be indicated that a quantitatively and/or qualitatively different host environment is provided by the different host species to the same donor.
That is, all the donor ovaries reach more advanced stages of development with D. mulleri as a host in comparison to D. virilis as host. Although the nature of these differences cannot be postulated from these studied, this observation is of extreme importance in selecting the most suitable hosts.
It was stated in the discussion, and indicated in Table 1 and Figures 1 and 2 , that some donor ovaries reached maturation. Furthermore, these host flies had the potential of laying two kinds of eggs, from host and donor. Sometimes the donor eggs were fertilized by the host sperm, producing hybrid embryos or larvae. Because of the significance of these findings, the various combinations of interspecific transplantations yielding both kinds of eggs and the fate of the donor-type eggs are summarized in it becomes apparent that most of the combinations which produced larval or embryonic hybrids represent members of different species groups or subgroups of the genus. These results are important since never before have species belonging to different subgroups of the genus Drosophila exhibited the potential for hybridization. The elimination of ethological isolation and the presence of a compatible interaction between host environment and donor egg apparently permitted successful fertilization between these distantly related species. The development of the hybrid embryo continues to some degree but eventually the hybridization leads to lethality. The duration of hybrid survival is dependent on the genetic architecture of the gametes. The more closely related the gametes are genetically, the higher the developmental stages reached by the hybrids. Survival to complete metamorphosis has been observed only between closely related species. It is apparent that the incompatibility -between the male and female genomes and/or nucleocytoplasmic interactions are causing the lethality during hybrid development.
This communication represents the summary of experimental results to be published in detail elsewhere.18 20 It suggests the potentialities of interspecific ovarian transplantations not only in phylogenetical studies but also in hybridization experiments (e.g., salivary chromosomes or DNA hybrids) and in the analysis of tissue interactions between species with a high degree of genetical isolation.
Summary.-A phylogenetic analysis was carried out in the genus Drosophila, utilizing the ability of larval ovaries to develop in a host environment following interspecific transplantation. The degree of gonadal development, expressed as "index of o6genesis," is highly dependent on the genetic relationship of host and donor species and on the suitability of the host environment. Hybrid embryos or hybrid larvae were produced between distantly isolated species, demonstrating the significance of ethological isolation in species hybridization. 
